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(57) There is described a wrist for an industrial ro- 
bot, comprising three wrist elements (16, 17, 20) rotat- 
ably supported relative to each other around respective 
rotation axes (10, 18, 21) which are coplanar and mu- 
tually inclined, which leave a space inside thereof free 



for passage of supply cables which are to be connected 
to the tool secured to the robot wrist. The latter has a 
front flange (23) for coupling the tool and a plurality of 
radial outlets (57) for the above mentioned supply ca- 
bles (55), so as to allow for the use of a tool coupling 
flange having a simplified structure. 
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Description 

The present invention relates to a wrist of an indus- 
trial robot of the known type comprising: 

a first wrist element, carried by a robot arm which 
is rotatable around a first axis with respect to a 
structure supporting said arm, 
a second wrist element, rotatably supported by said 
first wrist element around a second axis which 
crosses the first axis at an angle relative thereto, 
a third wrist element rotatably supported by said 
second wrist element around a third axis which is 
inclined with respect to the second axis and copla- 
nar with said first and second axes, said third wrist 
element including a flange for coupling of a tool, 
wherein said robot arm is hollow and the second 
and third wrist elements are connected in rotation 
to two tubular shafts arranged concentrically within 
the robot arm, the ends of said arm and said tubular 
shafts opposite to the robot wrist being connected 
to respective motors driving rotation of said three 
wrist elements, 

said wrist elements and said tubular shafts leaving 
a space inside thereof free for passage of electric 
and fluid supply lines for the tool which is to be cou- 
pled to the robot wrist. 

A robot wrist of the above indicated type is disclosed 
for example in US Patent No. 4,151,390. 

The above mentioned known solution is particularly 
advantageous since it provides the arrangement of the 
cables for electric and fluid supply to the tool completely 
inside the arm and.the robot wrist. However, a drawback 
of this solution lies in that it requires providing a tool cou- 
pling flange on said third wrist element of the robot which 
cannot be of a standardized type, since it must allow for 
passage of the tool supply lines. In case for example the 
too! is an electric spot welding head, these lines com- 
prise the cables for power electric supply to the welding 
electrodes, the electric cables for transmitting signals 
emitted by sensor devices associated with the welding 
head, the tubes for supplying pressurized air to the weld- 
ing head actuator (or electric cables in case of a head 
actuated by an electric motor) and the cables for sup- 
plying cooling water to the electrodes. 

In order to simplify the above described known so- 
lution, the present invention provides a robot of the type 
indicated at the beginning, characterized in that the said 
third wrist element has a standardized front flange for 
coupling the tool and is provided on its outer surface 
with a plurality of radial outlets for the electric and fluid 
supply lines. 

In particular, at said peripheral wall, the third wrist 
element is provided with a plurality of connecting ele- 
ments for fluid coupling and electric connectors for con- 
necting the various electric apparatus on the tool. 

Due to the above mentioned feature, it is therefore 



possible to provide the robot wrist with a tool coupling 
flange having a simplified and standardized structure, 
according to EN 29409-1 rules, without the complica- 
tions which are instead necessary in the case of the 
5 above described known solution. 

Further features and advantages of the invention 
will become apparent from the description which follows 
with reference to the annexed drawings, given purely by 
way of non limiting example, in which: 

10 

figure 1 is an elevational side view of an embodi- 
ment of the robot according to the invention, 
figure 2 is a view at an enlarged scale, partially in 
cross-section, of the end of the robot arm opposite 
1 $ to the wrist, 

figure 3 is a view at an enlarged scale and in cross- 
section of the robot wrist, 

figure 4 is a view taken along arrow IV of figure 3 of 
the robot wrist, and 
20 - figure 5 is a view in cross-section taken along line 
V-V of figure 3. 

In figure 1, numeral 1 generally designates an in- 
dustrial robot using the wrist according to the invention. 
2S This robot is shown herein purely by way of example, 
since it is clearly apparent that the wrist according to the 
invention can be used also on a robot of any different 
type. 

In case of the illustrated example, the robot 1 has 

30 a base structure 2 which rotatably supports an upright 
3 around a vertical axis 4. The upright 3 on its turn ro- 
tatably supports a vertical arm 5 around a horizontal axis 
6. The upper end of the vertical arm 5 on its turn rotatably 
supports a structure 8 carrying an arm 9 around a hori- 

35 zontal axis 7. The arm 9 is rotatably supported by struc- 
ture 8 around an axis 10 coincident with the axis of the 
arm. The distal end of arm 10 carries a wrist 11 to be 
coupled to a tool (not shown in figure 1), such as an 
electric spot welding head. 

40 At the base 2 of the robot there is associated a mo- 
tor and reducing unit 1 2 for driving rotation of the upright 
3 around axis 4. The upright 3 carries a motor unit 13 
for driving rotation of the vertical arm 5 around the axis 
6, as well as a further motor unit (not shown in figure 1) 

45 which drives rotation of structure 8 around the axis 7 by 
means of a lever transmission 1 4. The rotation of arm 9 
around axis 10 and that of the elements of wrist 11 is 
driven by means of further electric motors carried by 
structure 8, as it will be described more in detail in the 

50 following. 

With reference to figure 2, the arm 9 of the robot, of 
which figure 2 shows only the end portion opposite to 
wrist 1 1 , is supported by means of bearings 1 5 (only one 
of which is visible in figure 2) by a tubular portion 16 of 
55 the supporting structure 8. 

With reference to figure 3, the distal end of the tu- 
bular arm 9 of the robot rigidly supports a first wrist el- 
ement 16, which therefore is able to rotate with the arm 
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9 around axis 10. The first wrist element 16 on its turn 
supports a second wrist element 1 7 rotatably around an 
axis 18 which crosses axis 10 at 19 and is inclined rel- 
ative thereto. The second wrist element 17 on its turn 
rotatably supports a third wrist element 20 around an 
axis 21 which crosses axis 18 at 22 and is inclined rel- 
ative thereto, the axis 21 further lying in the same plane 
where axes 10, 18 lie. In case of the illustrated embod- 
iment, the axis 21 is parallel to axis 10. The third wrist 
element 20 is provided with a front flange 23, shown in 
front view in figure 4 and provided with means for se- 
curing a tool, such as an electric spot welding head, a 
portion 24 of which is shown in figure 3. 

The three wrist elements 16, 17, 20 are driven in 
rotation around respective axes 10, 18,21 by three mo- 
tor and reducing units 25, 26, 27 (see figure 2) which 
are carried by structure 8 (see also figure 1 ). 

The motor and reducing units 25, 26, 27 are con- 
nected to the wrist elements 16, 17, 20 driven thereby 
by means of respective gear transmissions. In particu- 
lar, on the output shaft of the electric motor and reducing 
unit 25 there is secured a toothed wheel 28 (figure 2) 
which meshes with a further toothed wheel 29 rigidly 
connected to the proximal end of the tubular arm 9. At 
its distal end (figure 3) arm 9, as already indicated 
above, is rigidly connected to the first wrist element 16, 
which therefore rotates therewith around axis 10 when 
the motor and reducing unit 25 is activated. The motor 
and reducing unit 26 drives a toothed wheel 30 meshing 
on its turn with a toothed wheel 31 which is rigidly con- 
nected at one end to a tubular shaft 32 arranged con- 
centrically inside the tubular arm 9. At its opposite end 
(figure 3) the shaft 32 is rotatably supported around axis 

10 by the tubular arm 9 by means of a bearing 33 and 
carries a bevel gear 34 arranged with its axis coincident 
with axis 10, The bevel gear 34 meshes with a further 
bevel gear 35 arranged with its axis coincident with axis 
1 8 and rigidly connected to the second wrist element 1 7. 
The latter is rotatably supported around axis 18, by 
means of a bearing 36, by a tubular appendage 37 con- 
centrical with axis 1 8 of the first wrist element 1 6. There- 
fore, when the electric motor 26 is actuated, it drives 
rotation of the tubular shaft 32 arranged concentrically 
inside the tubular arm 9 by means of the pair of bevel 
gears 30, 31. The tubular shaft 32 on its turn transmits 
its rotation to the second wrist element 17 by means of 
the pair of bevel gears 34, 35, so that the second wrist 
element 17 rotates with respect to the first wrist element 
16 around axis 18. 

The motor and reducing unit 26 drives a toothed 
wheel 38 meshing with a further toothed wheel 39 which 
is rigidly connected to the proximal end of a further tu- 
bular shaft 40 arranged concentrically inside the tubular 
shaft 32. At its distal end (figure 3) the tubular shaft 40 
is rotatably supported around axis 10 by the tubular 
shaft 32 by means of a bearing 41 and carries a bevel 
gear 42 having its axis coincident with axis 1 0. The bevel 
gear 42 meshes with a bevel gear 43 having its axis co- 



incident with axis 1 8 which is rotatably supported around 
axis 18 with respect to the bevel gear 35, by means of 
a bearing 44. The bevel gear 43 is rigidly connected to 
a further bevel gear 45 coaxial therewith but facing in 
5 the opposite direction, which meshes with a bevel gear 
46 having its axis coincident with axis 21 . The bevel gear 
46 is rigidly connected to a tubular body 47 forming part 
of the third wrist element 20, which is rotatably support- 
ed around axis 21 , by means of bearings 48, by a tubular 
10 appendage of the second wrist element 17 which is co- 
axial with axis 21 . Therefore, when the electric motor 27 
is actuated, it drives rotation around axis 10 of the tubu- 
lar shaft 40, by means of the pair of gears 38, 39. The 
tubular shaft 40 on its turn transmits this rotation to the 

15 third wrist element 20, by means of the pair of bevel 
gears 42, 43 and the pair of bevel gears 45, 46. The third 
wrist element 20 is thus driven in rotation around axis 
21 with respect to the second wrist element 17. By si- 
multaneously and/or alternatively activating the three 

20 motor and reducing units 25, 26, 27 it is thus possible 
to bring the tool coupling flange 23 to any point in space 
within a determined action area of the robot wrist. 

As already indicated above, the above described 
general configuration of the arm and the robot wrist is 

2S known per se. However, the arrangement of the three 
motor and reducing units 25, 26, 27 rigidly connected to 
the supporting structure 8 and connected to the three 
wrist elements by means of a gear transmission of the 
above described type is instead new and unique. 

30 The most relevant feature of the invention, however, 
is that which will be described hereinunder. As also has 
been clarified at the beginning of the present descrip- 
tion, an advantage of the general arrangement de- 
scribed above lies in that a space is thus defined inside 

35 arm 9 and tubular shafts 32, 40, as well inside the three 
wrist elements 16, 17, 20, which is free for the passage 
of the electric and fluid supply lines which are to be con- 
nected to the tool secured to the robot wrist. 

Therefore, these lines can be arranged completely 

40 inside the arm 9, with a number of advantages, such as 
a more reduced outer bulk of the arm, an absence of a 
risk of interference between cables and tubes and the 
fixed parts around which the robot is displaced and also 
lower problems due to deformations and torsions to 

45 which cables and tubes are subjected while the opera- 
tions for which the robot is used are being carried out. 
For example in the case in which the tool 24 is an electric 
spot welding head, these lines comprise cables for the 
power electric supply to the welding electrodes, electric 

50 cables for transmitting signals emitted by sensors asso- 
ciated with the tool, tubes for supplying pressurized air 
to the device actuating the welding head (or electric ca- 
bles in case of a head actuated by an electric motor) 
and tubes for supplying water for the electrode cooling 

55 circuit. In figure 3, reference numeral 49 designates the - 
bungle of the above mentioned cables which is passed 
through the inside of arm 9 and the robot wrist. The bun- 
gle 49 is clamped by means of two clamps 50, 51 re- 
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spectively located inside the tubular shaft 40 and the 
tubular element 47. Figure 5 shows a cross-section of 
clamp 5 1 , which is identical to clamp 50, comprising two 
jaws 52 clamped with each other by means of screws 
53 and locking concentrical annular elements 54 around 
the various supply cables 55. 

With reference to figures 3, 4, the third wrist element 
20 has a peripheral wall 56 along which there are pro- 
vided connecting elements or connectors 57 arranged 
radially with respect to axis 21 for connecting the various 
utilities on the tool secured to the coupling flange 24. 

Due to the radial arrangement of the outlets of the 
supply cables 55 on the third wrist element 20, the cou- 
pling flange 24 for the tool can have a simple structure 
and particularly can be of the same standardized type 
normally used in robots having supply cables arranged 
outside the wrist. 

With reference in particular to the embodiment 
shown in figure 4, the outlets at the positions designated 
by letters A, B, C, D are for water directed to the circuit 
for cooling the electrodes of the welding head. The out- 
lets at positions E, F and G are for pressurized air di- 
rected to the welding head actuator. Finally connectors 
at positions H, I, Lcarry input or output signals for sensor 
devices carried by the tool, and the three cables 55 at 
the lowermost position in figure 4 are those for the power 
electric supply to the electrodes which are connected by 
means of the respective connector 57 to an outer cable 
58 (figure 3). 

Naturally, during use of the robot, the flexibility of 
cables and tubes 55 allows for relative movements of 
the three wrist elements. 

From the foregoing description, it is clearly apparent 
that the robot according to the invention has a simplified 
wrist structure and particularly has a tool coupling flange 
of standardized type. 

Naturally, while the principle of the invention re- 
mains the same, the details of construction and the em- 
bodiments may widely vary with respect to what has 
been described and illustrated purely by way of exam- 
ple, without departing from the scope of the present in- 
vention. 
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the second axis (18) and is coplanar with said 
first and second axes (10, 18), said third wrist 
element (20) including a tool coupling flange 
(23), 

wherein said arm (9) is hollow and said second 
and third wrist elements (17, 20) are connected 
in rotation with two tubular shafts (32, 40) ar- 
ranged concentrically inside said robot arm (9), 
the ends of said arm (9) and said tubular shafts 
(32, 40) opposite to the robot wrist being con- 
nected to respective motors (25, 26, 27) for 
driving rotation of said arm (9) and said second 
and third wrist elements (17, 20), 
said wrist elements (16, 17, 20) and said con- 
centrical tubular shafts (32, 40) leaving a space 
inside thereof free for passage of electric and 
fluid supply lines (55) for the tool which is to be 
coupled to the robot wrist, 

characterized in that said third robot wrist (20) 
has a standardized front flange (23) for coupling the 
tool and comprises a peripheral wall (56) provided 
with a plurality of radial outlets (57) for said supply 
lines (55). 

Robot wrist according to claim 1 , characterized in 
that said driving electric motors (25, 26, 27) are car- 
ried by said structure (8) supporting the robot arm 
(9) and are connected to said arm (9) and to said 
tubular concentrical shafts (32, 40) by means of 
pairs of gears having parallel axes. 

Robot, characterized in that it comprises a wrist ac- 
cording to any of the previous claims. 



Claims 



45 



1. Wrist for an industrial robot comprising: 



a first wrist element (16), carried by a robot arm 
(9) rotatable around a first axis (10) with respect so 
to a structure (8) supporting said arm (9), 
a second wrist element (17), rotatably support- 
ed by said first wrist element (1 6) around a sec- 
ond axis (18) which crosses the first axis (10) 
at an angle relative thereto, ss 
a third wrist element (20) rotatably supported 
by said second wrist element (17) around a 
third axis (21 ) which is inclined with respect to 
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(54) Robot wrist 



(57) There is described a wrist for an industrial ro- 
bot, comprising three wrist elements (16, 17, 20) rotat- 
ably supported relative to each other around respective 
rotation axes (10, 18, 21) which are coplanar and mu- 
tually inclined, which leave a space inside thereof free 



for passage of supply cables which are to be connected 
to the tool secured to the robot wrist. The latter has a 
front flange (23) for coupling the tool and a plurality of 
radial outlets (57) for the above mentioned supply ca- 
bles (55), so as to allow for the use of a tool coupling 
flange having a simplified structure. 
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